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@ Ink jet recording method. 

@ A recording head having a plurality of ink 
discharge element lines anranged thereon is 
moved in a direction 'different from the direction 
of arrangement of the ink discharge elements to 
conduct a main scan, and at the end of the main 
scan, a recording medium is moved by a pre- 
detemnined width in a direction different from 
the main scan direction to record an image. A 
record area of the recording head is divided into 
a plurality (n) of areas and each unit image area 
on the recording medium is main scanned n 
times by using the n divided areas of the record- 
ing head and thinned images with a print factor 
of l/n are sequentially recorded to complete the 
record of the unit image area. The print factor 
for the pixels in the boundary area of adjacent 
unit image areas is lower than the print factor to 
the entire unit image area in at least one of the n 
main scans. Thus, the number of pixels recor- 
ded by the same main scan in the boundary area 
is increased. A high quality image without a 
joint strip is attained even for a recording 
medium having a relatively high ink absorption 
speed. 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to an ink jet record- 5 
ing method. 

Related Background Art 

As a copying machine and an information proc- io 
essing equipment such as a word processor and a 
computer as well as a communication apparatus have 
become common, it is rapidly becoming popular to re- 
cord a digital image by using a recording head of an 
ink jet system as an image forming (recording) appa- is 
ratus therefor. In such a recording apparatus, an inte- 
gration of a plurality of ink discharge ports and ink 
paths is used as a recording head having a plurality 
of recording elements integrally arranged in order to 
improve a recording speed. Recently, an apparatus 20 
having a plurality of such recording heads is used to 
comply with color recording. 

In such an Inkjet printer, a recording head having 
a predetermined recording width is moved along a 
main scan direction, and after the main scan, a sheet 25 
is fed in a sub-scan direction to record an image. 

In a printer thus constructed, a discharge preci- 
sion of a nozzle in the recording head or a sheet feed 
precision which Is done for each record scan is re- 
quired to some extent. The scatter in the amount of 30 
discharge and the direction of discharge in the re- 
cording head appears as irregularity of density in 
each record area, and the scatter In the amount of 
sheet feed causes a black stripe or a white stripe at a 
junction of the record areas. 35 

However, as higher and higlierquality of image is 
required for a recent recording apparatus, it is difficult 
to perfectly control those factors and a recording 
method which makes those factors unobstructive 
without completely eliminating those factors has 40 
been proposed. Further, it is required to comply with 
recording media of various qualities such as plain pa- 
pers, coated papers and OHP's and recording meth- 
ods suitable forthe respective recording media are re- 
quired. 45 

In the recording medium such as the coated pa- 
per and the plain paper which are designed to rela- 
tively quickly absorb ink on the surface, the jointing 
stripe which is one of the image troubles frequently 
appears as a black stripe. This is explained below. so 

In case of the coated paper, droplets of different 
colors which ar simultaneously recorded do not mix 
to each other and a spr ad-fre high resolution image 
is formed. However, in this type of paper, a density 
easily changes with an ink impact/absorption timing. 55 
Fig. 8A shows the impact/absorption of a given vol- 
ume of ink by a paper plane, and Fig. 88 shows the 
impact/absorption of the same volume of ink at two 



separate times. They show that th ink more readily 
remains on the papersurface and the surface density 
is higher when it is recorded with a smaller volume at 
separate times. The same phenomenon appears at 
the joint area of the record scans. 

Fig. 8C shows a manner in which a record is conv 
pleted in two image areas in two scans. Since the inrv 
pacted ink dot is always designed to be larger than 
one pixel area, two or more dots overlap at each 
areas. In the joint area (or connection section), the 
swelled-out area is split into two scans and recorded 
at different times so that it forms a darker stripe than 
other area although the volume of ink impacted is 
same as that of the other area. Further, the time in- 
terval of the record scans is not always constant du 
to the data transfer time and the recovery time of th 
recording apparatus. If the recording head stands by 
data at a home position after the completion of certain 
record scans, the density of the joint area increases 
more and more and the image quality is further dete- 
riorated. The irregularity of density which appears at 
the carriage rest is called a rest irregularity. 

In the above description, only one head record 
scan is conducted for each print area to complete the 
image. However, in order to solve all of the abov 
problems, the recording in the image area may be div- 
ided into a plurality of runs, as disclosed in the patent 
described below. Three patents which show back- 
ground techniques of that patent are first explained. 

In Japanese Laid-Open Patent Application N . 
55-113573, only zig-zag patterns (or checker/re- 
verse-checker patterns) arranged alternately in vert- 
ical and horizontal directions are printed in each scan, 
and an image is completed by forward and backward 
record scans. Adjacent dots are not continuously 
printed to prevent the adjacent dots from being print- 
ed before the printed dots are dried. In this manner, 
the dot distortion is prevented. In this patent applica- 
tion, the thinning mask is limited to the zig-zag pat- 
tern. 

In the Japanese Lard-Open Patent Application 
No. 58-194541 filed by the assignee of the present in- 
vention, a plurality of recording element lines are par- 
allelly arranged and they are reciprocally moved 
transversely to the lines of the recording elements to 
conduct the main scan of the dot matrix recording. In 
the forward path of the main scan, dots which are 
smaller in number than the total dots to be recorded 
in at least one of each row and each column of the re- 
cord dot matrix are intermittently recorded, and in the 
backward run of the main scan, the remaining dots in 
at least one of each row and each column are inter- 
mittently recorded so that the order of overlap of the 
record in the overlapping dots by th record element 
lines differs between the forward run and the back- 
ward run of the main scan. Thus, the deterioration of 
image by the hue distortion (color irregularity) due to 
the overlapped printing of color inks is prevented. 
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Since the primary object of this patent application is 
to avoid the hue distortion, ther is no specific limit- 
ation to the bit positions recorded in each scan, and 
the horizontal thinning in which recording is made 
only vertically and alternately and the vertical thin- 
ning in which recording is made only horizontally and 
alternately are shown in addition to the zig-zag pat- 
tern. 

USP 4,748,453 discloses a method which is spe- 
cifically directed to a low ink absorption speed record- 
ing medium such as an OHP. Interpolating record is 
made to pixels located at alternate positions in hori- 
zontal and vertical directions in one record area by 
first and second (or more) divided record scans to pre- 
vent the beading of the ink on the recording medium 
such as OHP. When a color image is to be formed, the 
order of ink impact of the mixed color pixels is re- 
versed between the first scan and the second scan 
(reciprocal recording) so that the color banding (color 
irregularity) is prevented. Since the primary object of 
this patent is to prevent the beading of the pixels, the 
pixels to be recorded in one scan are alternate (non- 
adjacent) horizontally and vertically. 

A common scheme to the above three patents is 
to complete the recording of the pixels of one image 
area in a plurality of record scans. In this case, since 
the ink of equal volume is dividedly absorbed by one 
image area, the record density of not only the joint 
area but also the entire image is enhanced and the 
joint area is rendered unobstructive to some extent, 
as shown in Figs. SA and 8B. Further, since a large 
volume of ink does not overflow in the record area at 
one time, the spread at the color boundary on the 
plain paper is prevented. However, for the joint stripe 
due to the paper feed error and the density irregular- 
ity due to the scatter of nozzle in the recording head, 
the above patents do not directly effect to solve the 
problem but the problem of image deterioration re- 
main unresolved. 

In the following two patents which disclose a re- 
cording method shown in Figs. 9A to 12C and which 
is an improvement over the above patents, the joint 
stripe is improved to some extent in addition to the ef- 
fects described above. It is an effective method to 
solve the irregularity of image density due to the scat- 
ter of nozzles of a multhnozzle head. 

In Fig. 9A, numeral 91 denotes a multi-nozzle 
head which is shown as an 8-nozzle head 92 for sim- 
plification purpose. Numeral 93 denotes ink droplets 
discharged from the multi-nozzle head 92. It is desir- 
able that the ink droplets are discharged in uniform 
voium and uniform directi n as shown in Fig. 9A. If 
such discharge is attain d, the dots of uniform size 
are impact d to the paper plane as shown in Fig. 9B 
and a uniform image without d nsity irregularity is 
formed(Fig.9C). In actual, how v r, ach nozzle has 
a variation as d scribed above, and if the printing is 
done without countermeasure, the sizes and direc- 



tions of the ink droplets discharged from the r spec- 
tive n zzies scatter as shown in Fig. 1 0A and they are 
impacted to the paper plane as shown in Fig. 10B in 
which white areas which do not meet the area factor 

5 of 1 00 % are periodically present, or dots overlap un- 
duly, or white stripes may be formed as shown at a 
center of Fig. 1 0B. The set of dots impacted under this 
condition has a density distribution to the direction of 
arrangement of nozzles as shown in Fig. 10C and it 

10 is recognized as the density irregularity by the obser- 
vation of human*s eye. In order to solve the problems 
on the image due to the scatter of the volume of dis- 
charge and the direction of discharge among the noz- 
zles, a print control method called a split recording 

15 method to be described below has been proposed. 

The method is explained with reference to Figs. 
11 A to 12C. The multi-nozzle head 91 is scanned 
three times to complete the print area shown in Figs. 
9Ato IOC, butthe half thereof, that is, the4-pixet area 

20 is completed in two passes. The eight nozzles of the 
multi-nozzle head are divided into an upper 4-nozzle 
group and a lower 4-nozzle group, and the number f 
dots printed by one nozzle in one scan is approxi- 
mately one half of a regular image data, thinned in ac- 

25 cordance with a predetermined image data array. In 
a second scan, dots are filled to the remaining half f 
the image data to complete the printing of 4-pix t 
areas. This recording method is called the split re- 
cording method. 

30 By using the split record method, the printed in>- 

age appears as shown in Fig. 11 B because the aff ct 
to the print image inherent to the nozzle is halved 
even if the same recording head as that shown in 
Figs. 10Ato IOC is used, and the black stripe andth 

35 white stripe shown in Fig. 10B are rendered unob- 
structive. Accordingly, the density irregularity is also 
significantly reduced compared with Figs. 10A to 
IOC, as shown in Fig. 11C. 
^ In such recording, the image data for the first 

40 scan and the second scan are divided in accordance 
with the predetermined array so that they interpolat 
each other, and the Image data array (thinning pat- 
tern) is usually a horizontally and vertically zig-zag 
pattern as shown In Figs. 12Ato 12C. Accordingly, in 

45 the unit print area (4-pixel unit area in the present ex- 
ample), the print is completed by the first scan to print 
the zig-zag pattern (or checked pattern) and the sec- 
ond scan to print the complementary zig-zag patt rn 
(or reverse-checker pattern). Figs. 12A, 12B and 12C 

50 show how the recording of a given area is completed 
by the 8-nozzle head as it is in Figs. 9Ato 11C by us- 
ing the zig-zag pattern and the complementary zig- 
zag pattern. 

Inth first scan, the zig-zag patt rn O is recorded 

55 by using the lower four nozzles (Fig. 12A). Inth sec- 
ond scan, the paper £ f d by four pixel I ngth (1/2 of 
the head 1 ngth) and the complementary zig-zag pat- 
tern O is rec rd d (Fig. 12B). In the third scan, the 



3 



5 



EP 0 597 714 A1 



6 



paper is again fed by four pix I length (1 /2 of the head 
length) and the zig-zag pattern is recorded (Fig. 12C). 
In this nr^nner, the paperf ed of four pixel length and 
the recording of the zig-zag pattern and the comple- 
mentary zig-zag pattern are alternately conducted to 
complete the 4-pixet record area for each scan. 

Figs. 13A to 13C show the effect of the split re- 
cording method to the joint stripe. Fig. 13A shows the 
recording at the first, second and third record areas. 
In Figs. 8Ato 8C, the image is completed in one re- 
cord scan except the t>oundary area. In the boundary 
area, since the dots of the respective areas are over- 
lapped in the printing of the opposite edges which oc- 
cur at different times, the density increases at those 
areas. In Figs. 13Ato 13C, since the entire image area 
is recorded by overlapping the dots in two consecu- 
tive record scans, the same condition as that of the 
joint area of Figs. 8A to 8C appears throughout the inv 
age. Accordingly, the joint area is less obstructive 
than Figs. 8A to 8C. Further, since half of the pixels 
of the pixel trains following to the joint area are record- 
ed by the nozzles at the center of the head, the scat- 
ter of the paper feed is also halved and the joint stripe 
is rendered unobstructive. 

The above recording method is disclosed in Jap- 
anese Laid-Open Patent Application No. 60-107975 
and USP 4,967,203 and the effect to the density ir- 
regularity and the joint stripe are described therein. In 
the former, it is described that "it is characterized by 
the provision of means for forming an overlapped 
portion by setting the paper feed in each main scan 
smaller than the width of the main scan so that two 
adjacent main scans overlap, and means for arrang- 
ing the print dots of the overlapped portion such that 
they do not overlap in the two main scans." In this pa- 
tent, the thinning mask is printied such that "the odd- 
numbered stage and the even-numbered stage of al- 
ternate columns are printed in a zig-zag pattern" in 
one instance, but it is printed such that the odd-num- 
bered stage is printed in the first main scan and the 
even-numbered stage is printed in the second scan in 
other instance, and they are randomly printed in still 
other instance. Thus, the thinning mask and the pa- 
per feed width are not completely defined. 

In the latter USP 4,967,203. it is disclosed that 
"(a) alternate pixel positions which are not adja- 
cent vertically and horizontally and which are in 
only upper half of a first band are printed in a first 
pass. 

(b) pixels in the first band which were not printed 
in the first pass are printed in a second pass, 

(c) pixels in the first band which were not printed 
in the first and second passes are printed in a 
third pass, and the first pass is conducted for the 
immediately following band". In this patent, the 
thinning mask for the split r cording is limited to 
the alternate pixel array which ar not adjacent 
horizontally and vertically. 



In this patent a pseudo pixel (super pixel) is 
formed by combining several pixels for tone expres- 
sion or color xpression and alt mate thinning print- 
ing for horizontally and vertically non-adjacent pixels 

5 is conducted in the pseudo pixels (super pixel) block. 
In this method, it is described that "Once a system to 
implement the above method is built in a program 
software or a printer firmware, the program may be 
called by a color number of a combination designated 

10 for the super pixel, and the quality of print is improved 
without making a work to generate a computer pro- 
gram for generating a number of colors unduly com- 
plex". Thus, the simplification of the programming for 
the multi-color expression is recited as one of the ef- 

15 fects. Since it is intended that each super pixel is 
sensed as one uniform color, it is stated that the 
spread of colors in the super pixel is harmless. 

As described above, as the print is completed in 
one area by two different nozzles, the density irreg- 

20 ularity and the joint stripe in the image area are avoid- 
ed. 

However, the above methods do not fully solve 
the problems. 

In the split recording method shown in Figs. 13A 

25 to 13C, the full image area is recorded in two scans 
and the same conditions as that of the joint area ap- 
pear throughout the image and the joint area is not 
obstructive. In actual, however, the printing is mad 
in two continuous record scans, for example, the first 

30 image area is printed in the first record scan and th 
second record scan and the second image area is 
printed in the second record scan and the third record 
scan, but in the boundary area, the record is compi t- 
ed in the three continuous record scans, the first to 

35 third record scans. Accordingly, the boundary area 
has the joint overlapped in the two continuous scans, 
the second record scan and the third record scan, 
and the joint which is recorded in the first record scan 
and the third record scan which are spaced by one 

40 scan period and which is created by the fact that th 
bits recorded in the first record scan and the bits re- 
corded in the third record scan are arranged oblique- 
ly. In the record by the two dots shown in Fig. 8B. it 
is known that the larger the difference of times of inr>- 

45 pact is, the higher is the density. Accordingly, in the 
joint area of Figs. 1 3A to 1 3C. the joint area of the re- 
cords of the first scan and the third scan shown by 
dark black has a higher density than other area. 
Whatever the number of split records is in- 

50 creased, the relation of the time difference in the joint 
area is not corrected. So long as the record areas are 
record d with the equal distribution in each record 
scan, for example, the zig-zag pattern and the conv 
plementary zig-zag pattern, the number of times r 

55 record scan in the joint area is necessarily one lar 
than that of other record area. This gap appears r 
or less and it is a caus of the degradation of t^ 
age. This phenomenon frequently appears in t 
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ink absorption sp ed coat d pap r. 
SUMMARY OF THE INVENTION 

It is an object of the present invention to provide 5 
an improved ink jet recording method. 

It is anot her object of the present invention to pro- 
vide an ink jet recording method which prevents a 
joint stripe and permits the recording of a high quality 
and smooth image. io 

It is other object of the present invention to pro- 
vide an ink jet recording method which prints pixels lo- 
cated in a boundary area of each image area by as 
many simultaneous record scans as possible to pre- 
vent a paper feed joint stripe in the image area bound- is 
ary due to a time difference of Ink impact for even a 
recording medium having a relatively high ink absorp- 
tion speed so that a high quality image is formed. 

The above and other objects of the present in- 
vention will be apparent from the drawings and the 20 
following description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 illustrates a record status in a first embodi- 25 
ment; 

Fig. 2 illustrates the occurrence of a joint stripe in 
the first embodiment; 

Fig. 3 illustrates a record status in a second em- 
bodiment; 30 
Fig. 4 illustrates the occurrence of the joint stripe 
in the second embodiment; 
Fig. 5 shows a perspective view of an ink jet re- 
cording apparatus to which the present invention 
is applied; 35 
Fig. 6 shows a recording head; 
Fig. 7 shows a block diagram of a control unit of 
the ink jet recording apparatus shown in Fig. 5; 
Rgs. 8A to 8C illustrate a principle of the occur- 
rence of the joint stripe; 40 
Figs. 9A to 9C show an ideal print status of the ink 
jet printer 

Figs. 1 0A to 1 0C illustrate a print status of t he ink 
jet printer having density irregularity; 
Figs. 11 A to 11c illustrate a split recording; 45 
Figs. 12A to 12C illustrate a print status by the 
split recording, and 

Figs. 13Ato 130 illustrate a principle of the occur- 
rence of the joint stripe in the 2-pass split record- 
ing. 50 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Fig. 5 shows a perspectiv view of an ink jet re- 55 
cording apparatus to which th present invention is 
applied. In Fig. 5, nunneral 701 denotes an ink car- 
tridge which compris s ink tanks filled with inks of 



four colors, black (Bk). cyan (C) magenta (M) and yel- 
low (Y) and a multi-nozzle head 702 for the respective 
colors. Fig. 6 shows multiple nozzles of th multi-noz- 
zle head as viewed in the direction of z axis. Numeral 
801 shows multiple nozzles arranged on the multi- 
nozzle head 702. 

In Fig. 5, the multi-nozzle 801 is arranged in par- 
allel to the Y axis although it may be sightly inclined 
on the XY plane. In this case, the head travels in the 
X direction while the nozzles print with offset timing. 

Turning back to Fig. 5, numeral 703 denotes a pa- 
per transport roller which is rotated in a direction of ar- 
row while it presses a print paper P with an auxiliary 
roller to transport the print paper P in the Y directi n. 
Numeral 705 denotes a paper feed roller which feeds 
the print paper and also functions to press the print 
paper P as the paper transport roller 703 and the aux- 
iliary roller 704 do. Numeral 706 denotes a carriage 
which carries four ink cartridges and moves them as 
the print proceeds. The carriage 706 stays at a home 
position h shown by a broken line when the printing 
is not performed or during a recovery operation of the 
multi-head. 

In the present embodiment, the recording head of 
each ink jet cartridge discharges an ink droplet by 
causing a change in the status of ink by using thermal 
energy. 

The four ink jet cartridges mounted on the car- 
riage 706 are arranged to superimpose inks of black, 
cyan, magenta and yellow, in this sequence, wh n 
the carriage is reciprocally moved. Accordingly, in th 
return movement of the carriage, the inks are sup r- 
imposed in the reverse sequence to that in the f r- 
ward movement. Half-tone colors may be attained by 
appropriately superimposing the ink dots of the re- 
spective colors C, M and Y. Namely, red is attained by 
superimposing M and Y, blue by C and M, and gre n 
by C and Y 

Usually, black is attained by superimposing three 
colors C. M and Y but the black is separately printed 
because the color of black created by the three colors 
is poor, edging of a color appears because of the dif- 
ficulty in precisely superimposing the three colors 
and the ink impact density per unit time is too high. 

Fig. 7 shows a block diagram of a control unit f 
the ink jet recording apparatus shown in Fig. 5. In Fig. 
5, numeral 1201 denote a control unit which compris- 
es a CPU, a ROM and a RAM and it controls the re- 
spective units in accordance with a program stored in 
the ROM. Numeral 1202 denotes a driver for driving 
a carriage motor 1205 which drives the carriage 706 
in th X direction (main scan) in accordance with a sig- 
nal from the control unit 1201, num ral 1203 denotes 
a driver for driving a paper feed roll r 705 and a paper 
transport roller 703 and driving a transport motor 
1 206 which transports a recording medium in the y di- 
rection (sub-scan) in accordance with a signal from 
the control unit 1201. numeral 1204 denotes a driver 
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for driving multi-heads 1207-1210 for the respective 
colors (corresponding to 702 in Fig. 5) in accordance 
with print data from the control unit 1201, numeral 
1211 denotes a console display unit for key entering 
various data and displaying various data, and numer- 
al 1212 denotes a host unit forsupplying the print data 
to the control unit 1201. 

The carriage 706 is at the position (home posi- 
tion) shown in Fig. 7. When a print command is is- 
sued, it is forwardly moved in the x direction so that 
the printing is made on the paper by the n nmjlti-noz- 
zles 801 on the multi-head 702. When the printing of 
the data up to the end of paper is completed, and the 
multi-head reaches the reversal point, the carriage 
starts the return movement toward the home position 
and the data is printed again. After the end of the first 
printing in the forward movement of the carriage and 
before the return movement of the carriage, the pa- 
per transport roller 703 is rotated in the direction of ar- 
row to transport the paper in the y direction in accor- 
dance with the width of the record area. In the split 
recording to be described later, the paper feed length 
is l/m of the width which is recorded by n multi-noz- 
zles, where m (m^2) is the number of splits. By re- 
peating the print by the multi-head and the paper feed 
(sub-scan) in accordance with the scan (main scan) 
of the carriage, the printing of data on one sheet is 
completed. 

A specific embodiment of the recording method 
by the ink jet recording apparatus thus constructed is 
explained below. 

<First Embodiment> 

A first embodiment is explained. Fig. 1 shows a 
print status when the printing Is made by a head hav- 
ing 16 nozzles. In the present embodiment, the noz- 
zles arranged in the head are equally divided into two 
record areas and each area always uses the same 
thinning mask. Fig. 1 shows a record status of the 
present embodiment The head having 16 nozzles on 
the left side of Fig. 1 is divided into two areas as 
shown. A mask shown on the right corresponds to 
each nozzle which is recorded in accordance with this 
mask in all scans. In each record scan, the printing is 
made for the unit image area at a print factor of 50 %. 
The image record status is shown on the right The 
dark solid pixel shows that it is recorded in each re- 
cord scan, and the gray pixel shows that it has been 
recorded in the previous scan. 

In the second record area in which the first re- 
cording is made for each image area, the print factor 
at th leading dge of the paper feed is high (75 %) 
and low (25 %) at the trailing edge. In the first record 
area which is complementary to th s cond record 
area, the print factor at the I ading edge is low (25 %) 
and high (75 %) at the trailing edge. In the printing 
done for each image area in accordance with such re- 



cord mask, the area of higher record factor is first 
printed in the first record scan and the area having 
the tower record factor is lat r recorded in th second 
scan. In this record status, since 75 % of the pixels in 

5 the boundary of the first image area and the second 
image area are simultaneously recorded, the joint 
stripe due to the time difference of the record scan do 
not substantially appear in this area. 

Fig. 2 shows the joint area which appears by the 

10 time difference of the record scan, of the image re- 
corded by the present emtx>diment The overlapped 
area of the dots recorded in the different scans is enrv 
phasized by black. A broken line shows a paper feed 
joint area. In the prior art shown in Figs. 1 and 2, the 

15 high density areas which appear due to the time dif- 
ference of the reocrd scan are concentrated in the pa- 
per feed joint area. In the present embodiment, they 
are uniformly distributed to each image area. 

In accordance with the present embodiment the 

20 division-factor of the pixel lines is not uniform in the 
nozzle main scan direction. Accordingly, the scatter of 
nozzle may be harder to be solved compared to the 
conventional split recording method. However, since 
they are recorded by other nozzle at a rate of 1/4, th 

25 effect of the split recording method is not totally lost. 
In accordance with the present embodiment the 
recording head is split into two record areas and each 
image area is recorded in two record scans. In the 
first record scan of each image area, the upper (the 

30 forward paper feed direction) print factor is high and 
the lower (the backward paper feed direction) print 
factor is low. In the second record scan, the upp r 
print factor is low and the lower print factor is high. In 
this nr^nner, the pixels arrange in the boundary area 

35 are recorded by as many simultaneous recording 
scans as possible to render the joint stripe caused by 
the time difference of the print timing less obstructiv 
so that a uniform and high quality image is formed. 

40 <Second Embodiment> 

A second embodiment is now explained. The 
present embodiment relates to a 3-pass split record- 
ing method, and unlike the first embodiment, it is an 

45 improved recording method of the first embodiment. 
Fig. 3 shows an image formation status of the present 
embodiment In the*present embodiment, the head 
record scan is done three times for the unit image 
area. The nozzles of the head are divided into three 

so for the record areas. Like the first embodiment each 
record area uses the fixed thinning mask, and the pa- 
per is fed by 1/3 head width for each record scan. The 
print status of the paper feed joint area of the present 
embodiment is shown in Fig. 4, like the first embodi- 

55 ment. In the present embodiment, since one image 
area is completed in three record scans, there are 
three types of dot overlap timings of the image area. 
The overlap area resulting from two consecutive 
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scans such as the first and second scans or the sec- 
ond and third scans is shown by grey, and the overlap 
area resulting fr m the alt mate record scans such as 
the first and third scans is shown by dark black. As 
seen from Fig. 4, the overlap areas are uniformly dis- 5 
tributed throughout the image area, as they are in the 
first embodiment. In the present embodiment the uni- 
form image with unobstructive joint area is formed, as 
it is in the first embodiment. 

In the present embodiment since the period is 3- to 
pixel length in the main scan direction, it is hard to be 
tuned with the input binarized image data having a 
period which is normally a multiple of 2, and the image 
data of any duty can be split-recorded by two types 
of nozzles. Since the entire unit image area is com- is 
plated in three record scans at the print factor of 1/3 
to that of the first embodiment and the opposite end 
areas are completed in two record scans with the 
print factors of 1/3 and 2/3, respectively, the color 
boundary spread on the paper surface such as the 20 
plain paper is further improved and the density Is fur- 
ther enhanced as a whole. 

In the present embodiment the Inkjet recording 
apparatus which forms the flying droplet by using the 
thermal energy is used from the ink jet recording sys- 25 
tern. Typical construction and principle thereof are 
preferably those disclosed in USP 4,723.129 and 
USP 4.740.796. It is applicable to either an on-de- 
mand type or a continuous type. In case of the on-de- 
mand type, at least one drive signal for causing rapid 30 
temperature rise beyond nuclear boiling in accor- 
dance with the record information is applied to an 
electro-thermal transducer arranged for a sheet 
which holds liquid (ink) or a liquid path so that a ther- 
mal energy is generated in the electro-thermal trans- 35 
ducer and bubbles are formed in the liquid (ink) which 
corresponds to the drive signal. The liquid (ink) is dis- 
charged through a discharge port by the growth and 
contraction of the bubble to form at least one droplet 
When the drive signal is pulsive. the growth and con- 40 
straction of the bubble are instantly and properly ef- 
fected and the highly responsive discharge of the liq- 
uid (ink) is attained. 

The pulsive drive signal is preferably one dis- 
closed in USP 4.463.359 and USP 4.345,262. When 45 
the condition described in USP 4.313.124 relating to 
the temperature rise on the thermal action plane is 
adopted, improved recording is attained. 

The recording head may be a combination (linear 
liquid path or transverse liquid path) of the discharge so 
port the liquid path and the electro-thermal trans- 
ducer, as disclosed in the above-mentioned patents. 

r those disclosed In USP 4.558.333 and USP 
4,459.600. 

In addition, a constructi n disclosed in Japanese 55 
Laid-Open Patent Application No. 59-123670 in which 
a slit common to a plurality of electro-thermal trans- 
ducers is used as a discharge port ft he electro-ther- 



mal transducers, or Japanese Laid-Open Pat nt Ap- 
plication No. 59-138461 in which an opening for ab- 
sorbing a pressure wave of thermal energy is pr vid- 
d f rthe discharge port may be used. 

Further, in a full line type recording head having 
a length corresponding to a maximum recording me- 
dium width which the recording apparatus can record, 
the length may be met by a combination of a plurality 
of recording heads as disclosed in the above- 
mentioned patents or by an integrally constructed re- 
cording head. 

In addition, the present invention is also effectiv 
to a replaceable chip type recording head which per- 
mits electrical connection with the main unit of the ap- 
paratus and the supply of ink from the main unit of th 
apparatus, and a cartridge type recording head hav- 
ing an ink tank integrally mounted on the recording 
head. 

The addition of the recovery means and auxiliary 
means to the recording head is preferably as itfurth r 
stabilizes the effect of the present invention. Specif- 
ically, they are capping meansforthe recording head, 
cleaning means, pressure or suction means, preh at- 
ing means including an electro-thermal transduc r. a 
separate heating element or a combination thereof. A 
preliminary discharge mode for discharging separate- 
ly from the recording is effective for stable recording. 

In the present embodiment the ink is used as th 
liquid. The ink may solidify at or below a room temper- 
ature or it may be softened at a room temperatur r 
may be liquid. In the ink jet system, the ink which is 
of liquid phase when the record signal is applied may 
be used because it is common to control the ink within 
a range of 30**C to 70°C to keep the viscosity of the 
ink within a stable discharge range. 

In addition, the temperature rise by the thermal 
energy may be used as the energy of the status 
change from the solid state to the liquid state of th 
ink. or the ink which is solidified when it is left to pre- 
vent the evaporation of the ink may be used. The ink 
may be liquidified by the application of the thermal 
energy in accordance with the recording signal and 
may be discharged as liquid ink. or it may start to t>e 
solidified when it arrives the recording medium and 
solidified by the thermal energy. In this case, the ink 
may be held in porous sheet recesses or via-holes in 
liquid or solid state and arrange to face the electro- 
thermal transducer, as disclosed in Japanese Laid- 
Open Patent Application No. 54-56847 or Japanese 
Laid-Open Patent Application No. 60-71260. In the 
present invention, the execution of the film boiling 
system is most effective to the inks d scribed atx)ve. 

In addition, the recording apparatus of th pres- 
ent inv ntion may be an image output terminal of an 
inf rmation processing apparatus such as a word 
processor and a computer, whether it is integral or 
separate, or a c pying machine combined with a 
reader, or a facsimile machine having a transmission 
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and reception function. 

The present invention is applicable not only to the 
ink jet system which utilizes the thermal energy but 
also the ink jet system which utilize a piezoelectric 
element 



Claims 

1. An ink jet recording method for recording an im- 
age on a recording medium by main scanning a 
recording head having a plurality of ink discharge 
elements arranged thereon in a direction other 
than the direction of arrangement of said ink dis- 
charge elements and relatively moving said re- 
cording head and said recording medium in a sub- 
scan direction different from the main scan direc- 
tion, comprising the steps of: 

dividing a record area of said recording 
head into a plurality of areas; 

main scanning one area on said recording 
medium a plurality of times by using different 
ones of the divided areas of said recording head; 
and 

sequentially recording thinned images of a 
predetermined print factor in each main scan to 
complete the image of the image area; 

wherein the print factor for pixels in a 
boundary area of adjacent image areas of said 
image area Is lower than said predetermined print 
factor in at least one main scan of said plurality 
of main scans. 

2. An ink jet recording method according to Claim 1 
wherein a sub-scan of a width of the divided 
areas of said recording head is conducted at each 
end of the main scan. 

3. An ink jet recording method accofding to Claim 1 
wherein a color image is recorded on the record- 
ing medium by using a plurality of recording 
heads of different colors. 

4. An ink jet recording method according to Claim 3 
wherein said plurality of heads are arranged in 
the main scan directbn. 

5. An ink jet recording method according to Claim 1 
wherein said recording head discharges an ink 
droplet from a discharge port by causing a 
change in an ink status by using thermal energy. 

6. An ink jet recording method according to Claim 2 
wherein said recording head discharges an ink 
droplet from a discharge port by causing a 
change in an ink status by using thermal energy. 

7. An ink jet recording method according to Qaim 3 



wherein said recording head discharges an ink 
droplet from a discharge port by causing a 
change in an ink status by using thermal energy. 

5 8. An Inkjet recording method according to Claim 4 
wherein said recording head discharges an ink 
droplet from a discharge port by causing a 
change in an ink status by using thermal energy. 

10 9. An ink jet printer comprising a recording head 
having a plurality of ink discharge element lines 
arranged thereon, means for moving said head in 
a direction different from the direction of arrange- 
ment of the ink discharge elements to conduct a 

15 main scan, means for moving a recording me- 
dium a predetermined width in a direction differ- 
ent from the main scan direction at the end of the 
main scan to record an image, means for select- 
ing image pixels in the record area of the record- 

20 ing head for dividing the image into a plurality (n) 

of areas, means for effecting main scanning of 
each unit image area on the recording medium n 
times by using the n divided areas of the record- 
ing head, means for sequentially recording thin- 

25 ned images with a print factor of 1/n to compi te 

the record of the unit image area, and control 
means for reducing the print factor for the pix Is 
In the boundary area of adjacent unit image areas 
to a level lower than the print factor to the entire 

30 unit image area in at least one of the n main 

scans. 
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